
0361-0128/01/3328/269-18 $6.00 269

Introduction
IN NORTH-CENTRAL Nevada, economic geologists commonly
have used the alignments of ore deposits with other geologic
features, such as igneous bodies, folds, faults, and structural
windows, to speculate on the presence of buried regional
structures that controlled the alignments (e.g., Roberts, 1966;
Shawe, 1991). The two best-known alignments are the north-
west-trending Battle Mountain-Eureka (may be called the
Cortez gold trend) and Carlin trends (Fig. 1). Evidence of the
regional structures related to these alignments has been elu-
sive owing to the complex overprinting, masking, and reacti-
vation of the products of multiple tectonic events that have
occurred since Precambrian time. Yet understanding these
regional structures, and the underlying crustal structure that
controlled them, is important for understanding the tectonic
evolution of the mineral trends. We define crustal structure as
(1) the configuration of regional-scale (i.e., >100 km2) blocks
of oceanic versus continental lower to middle crust that de-
veloped as a result of plate tectonic processes, (2) the associ-
ated compositional differences in crystalline basement in the
upper crust, and (3) the major lateral discontinuities (crustal
fault zones, ramps, or sutures) between and within the blocks.

Interpreting crustal structure in the Basin and Range
province from geophysical data has been hampered in the
past by the masking effects of low-density basin fill and Ter-
tiary magnetic igneous rocks (Mabey et al., 1978; Blakely and
Jachens, 1991), lack of discernable magnetic basement anom-
alies (Mabey et al., 1978; Blakely, 1988), and by the inability
to determine the age of buried structures (e.g., Mabey et al.,
1978; Catchings, 1992). The masking effects prevented work-
ers from recognizing any geophysical expression associated
with the buried, western edge of the rifted Precambrian con-
tinent (Elison et al., 1990), which is commonly inferred from
the location of the 0.706 isopleth of initial 87Sr/86Sr ratios
(Srinitial = 0.706; Kistler and Peterman, 1978; Kistler, 1983).
This apparent lack of geophysical expression, combined with
seismic-reflection data that showed a relatively flat Moho
across the state (Klemperer et al., 1986), led to the conclusion
that physical-property differences between blocks of Precam-
brian crust had been obliterated by later extension and mag-
matism. Thus, it was commonly thought that geophysical data
in the Basin and Range province primarily reflected the prod-
ucts of Cenozoic events (Thompson and Burke, 1974; Eaton
et al., 1978; Elison et al., 1990).

In this paper, we seek to overturn this notion by reinter-
preting gravity and magnetic data in conjunction with up-
dated interpretations of Pb and Sr isotope ratios (Wooden et
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Abstract
We combined information from Sr and Pb isotope data and magnetotelluric models to develop a new mag-

netic and gravity interpretation of the crustal structure of north-central Nevada to better understand the ori-
gin of mineral trends. The new interpretation suggests a crustal structure that is composed of Precambrian con-
tinental crust, transitional crust, and primarily oceanic crust that are separated by northwest- and
northeast-striking fault zones. The magnetic expression of the buried Precambrian continental crust is recog-
nized for the first time. Low magnetic values primarily reflect magnetite-poor crystalline crust rather than el-
evated temperatures at depth. 

Northwest- and northeast-striking crustal boundaries are defined by isotopic data and abrupt gradients in
gravity and magnetic data. The Carlin and Battle Mountain-Eureka mineral trends are associated with two of
three northwest-striking boundaries. The Carlin boundary is primarily defined by a change in density and iso-
topic character of the lower to middle crust. The Battle Mountain-Eureka boundary coincides with a density
contrast in the upper crust and a change in isotopic character in the lower to middle crust. Magnetotelluric
models suggest that the Battle Mountain-Eureka boundary represents a crustal fault zone for most of its ex-
tent, but that deep-rooted faulting is more complex near and northwest of Battle Mountain. Crustal fault zones
inferred from the magnetotelluric models near the Carlin trend are oblique to it, suggesting that they may not
have been controlled by the deep boundary seen in the gravity and isotopic data. The third northwest-trend-
ing boundary is related to the western edge of the buried Precambrian continent in west-central Nevada, but
lacks an associated mineral trend. A northeast-striking boundary forms the northern limit of Precambrian con-
tinental and transitional crust. The boundaries may have originated as rift or transform faults during Precam-
brian breakup of Rodinia or as faults accommodating lateral movements or accretion during later Paleozoic tec-
tonic events. Comparing the crustal structure to tectonic elements produced by successively younger events
shows that it had a profound influence on subsequent sedimentation, deformation, magmatism, extension, and
most important, mineralization. 
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al., 1998; Tosdal et al., 2000) and of recent results from mag-
netotelluric geophysical models (Rodriguez and Williams,
2001, 2002). The resulting synthesis for the first time shows a
relation between geophysical features in north-central
Nevada and the isotopically defined Precambrian rifted mar-
gin. It allows for a more comprehensive interpretation of
crustal structure that is not possible from one data set alone
and improves upon previous gravity and magnetic interpreta-
tions that did not establish the tectonic ages of geophysical
sources (e.g., Hildenbrand et al., 2000, 2001). Most impor-
tant, the new interpretation emphasizes the strong spatial re-
lation of mineral trends to the crustal structure inherited
from the ancient continent and Precambrian rifting event. 

This paper builds on work focused on the Battle Mountain-
Eureka trend (Grauch et al., 1995; Grauch et al., 2003). The
most recent of these articles documents a crustal fault zone
related to the Battle Mountain-Eureka trend using gravity,
isotopic data, and magnetotelluric models. In the present
paper, we expand our study to cover all of north-central
Nevada and add magnetic data to develop a more compre-
hensive interpretation of the crustal structure. We put the
Battle Mountain-Eureka crustal fault zone into context with
three other major structures related to the early continental
rifting, use the results from the Battle Mountain-Eureka
trend to infer the nature of the other structures, and interpret

the magnetic data in relation to the isotopic patterns to map
the crustal composition between these structures. Another ar-
ticle (Crafford and Grauch, 2002) uses the crustal structure
developed in the present paper as a basis for examining the
relation of Paleozoic structural domains to mineral trends. In
the following sections, we review the isotopic and geophysical
data that will be used as constraints, discuss the elements of
crustal structure that can be determined from these con-
straints, build a composite picture of the crust, and finally
compare the results to mineral trends and tectonic features of
successively younger events. 

Tectonic Setting
North-central Nevada has had a complex and varied tec-

tonic history that is part of the evolution of the North Ameri-
can Cordillera. In Late Proterozoic time, the inception of the
North American Cordillera during the breakup of the super-
continent Rodinia (e.g., Dalziel, 1997; Karlstrom et al., 1999)
was marked by widespread, perhaps intermittent, rifting and
ocean-floor spreading (Burchfiel et al., 1992). The breakup
led to the development of a west-facing passive margin at the
edge of Precambrian continental crust. The location of this
edge through north-central Nevada has commonly been in-
ferred from the initial 87Sr/86Sr 0.706 isopleth measured from
granitoids (e.g., Kistler, 1983; Fig. 1). More recent studies of
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Pb and Sr isotope ratios suggest that the rifted margin is more
complex and covers a wider area (Wooden et al., 1998; Tosdal
et al., 2000). These data are reviewed in more detail in the fol-
lowing section. 

Episodes of continental margin modification began with
the Late Devonian to Early Mississippian Antler orogeny,
where eugeoclinal siliciclastic rocks of the Roberts Mountains
allochthon (Fig. 1) were thrust eastward over coeval miogeo-
clinal rocks of the continental shelf. The orogeny produced an
extensive Antler foreland basin (Miller et al., 1992) east of the
Roberts Mountains allochthon. A similar event, the Sonoma
orogeny, placed eugeoclinal rocks of the Golconda allochthon
(Fig. 1) over the Roberts Mountains allochthon and overlap-
ping sedimentary rocks during Late Permian to Early Triassic
time (Miller et al., 1992). The Sonoma orogeny culminated in
the accretion of oceanic terranes and the establishment of an
active continental margin west of Nevada (Burchfiel et al.,
1992). Deformation (folding and faulting), crustal thickening,
and magmatism related to the active continental margin to
the west continued during Mesozoic through early Cenozoic
time (Thorman et al., 1991; Burchfiel et al., 1992; Cowan and
Bruhn, 1992).

Early to middle Tertiary tectonism was characterized by a
southward sweep of generally east-west belts of magmatism
from 43 to 21 Ma (Christiansen and Yeats, 1992) and discrete
regions of local, highly extended domains (Seedorff, 1991;
Wernicke, 1992). Middle to late Tertiary tectonism was char-
acterized by regional uplift, formation of the Northern Nevada
rift (Fig. 1), and widespread development of tilted fault blocks
and intervening valleys (Basin and Range features) (Chris-
tiansen and Yeats, 1992). The mid-Miocene Northern Nevada
rift is associated with a prominent, north-northwest–trending
linear magnetic high extending for about 500 km, and an

alignment of dikes, intrusions, and graben-filling lava flows in
north-central Nevada (Zoback et al., 1994; John et al., 2000).
This alignment follows a trend east of and slightly divergent
from the Battle Mountain-Eureka mineral trend (Fig. 1). Re-
gional uplift and Basin and Range–type extension continues
today, accompanied by high heat flow (Sass et al., 1981). 

Isotopic Patterns: A Precambrian Legacy 
Ascending granitoid magmas commonly retain the geo-

chemical properties of the material near the base of the crust
from where they originated. Thus, determining the isotopic
compositions of granitoid rocks of different ages gives a gen-
eral picture of the lower and middle crust through time. Re-
cent studies by Tosdal et al. (2000) and Wooden et al. (1998)
show regional variations in isotopic data from primarily Meso-
zoic- and Tertiary-age granitoid rocks across northern
Nevada. These workers examined the spatial distribution of
206Pb/204Pb, 208Pb/204Pb, and initial 87Sr/86Sr ratios and used
the statistical distribution and correlations between the ratios
to distinguish three main isotopic provinces (Fig. 2). Wooden
et al. (1998) determined slightly different boundaries than
shown. The boundary between the western and other
provinces, as defined by the 0.706 isopleth of initial 87Sr/86Sr
ratios (Srinitial = 0.706), is commonly inferred as the transition
from continental to oceanic crust (e.g., Kistler and Peterman,
1978; Kistler, 1983). The 38.8 and 39 isopleths of 208Pb/204Pb
ratios (Tosdal et al., 2000; Fig. 2) and the 19.1 isopleth of
206Pb/204Pb ratios (Wooden et al., 1998) also broadly define
the continental edge. The boundary between the eastern and
central provinces, which coincides with the Carlin trend (Fig.
2), was determined primarily by differences in data scatter
and correlations between isotopic ratios (Wooden et al., 1998;
Tosdal et al., 2000).
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The isotope patterns determined from the Pb and Sr data
(Fig. 2) are independent of the ages of the sampled rocks
(Wooden et al, 1998; Tosdal et al. 2000). This independence
implies that the crustal structure reflecting these isotopic pat-
terns had been established by Jurassic time, the age of the old-
est samples that show the patterns (Fig. 2). On the other hand,
the samples likely are displaced from their original locations
because they are mostly older than Mesozoic shortening and
Cenozoic extension. However, palinspastic restorations of the
Srinitial = 0.706 isopleth show little change in shape; it is trans-
lated at most 70 km to the southwest (Levy and Christie-Blick,
1989; Tosdal et al. 2000). This restoration implies that the iso-
topic province boundaries of Figure 2 generally reflect the
crustal boundaries established before Jurassic time.

The western province, generally west and north of the Srinitial
= 0.706 isopleth, is composed dominantly of oceanic crust;
the eastern province, east of the Carlin trend, represents Pre-
cambrian continental crust; and the central province is transi-
tional or thinned crust that formed during development of
the passive margin (Tosdal et al., 2000). The crustal composi-
tional differences, the abrupt juxtaposition of crust of differ-
ent isotopic character, and the shape of the patterns are likely
the result of continental margin tectonics (Tosdal et al., 2000).
The most significant tectonic event was the Late Proterozic
breakup of Rodinia. Other major modifications to the conti-
nental margin could have occurred during the Antler and
Sonoma orogenies.

The variations in isotopic character that led to the recogni-
tion of the province boundaries are evident by plotting the
isotopic data from sample sites within a swath perpendicular
to the Carlin trend (Fig. 2). Graphs of the data for this swath
(Fig. 3), plotted versus distance away from the Carlin trend
(eastern-central province boundary), show how the data vary
across the province boundaries. The western-central province
boundary, which is oblique to the Battle Mountain-Eureka
and Carlin trends (Fig. 3), occurs between –150 and –200 km.

The gradual, relatively well grouped, increase of isotopic
values from west to east, which is characteristic of the west-
ern and central provinces (Wooden et al., 1998; Tosdal et al.,
2000), is apparent west of the Battle Mountain-Eureka trend
(Fig. 3). Likewise, the highly scattered and wide-ranging iso-
topic values characteristic of the eastern province are appar-
ent east of the Carlin trend. Between the Battle Mountain-
Eureka and Carlin trends, the data appear to increase
gradually from west to east but have greater scatter than the
data west of the Battle Mountain-Eureka trend (Fig. 3). The
mixed isotopic character of the crust between the Battle
Mountain-Eureka and Carlin trends indicates that it is inter-
mediate in composition between the crust on either side, and
the transition occurs along the Battle Mountain-Eureka
trend. Massengill (2001) argued for an even greater contrast
in Sr and Pb isotope character along the Battle Mountain-Eu-
reka trend in an independent analysis of another data set.
Thus, the isotopic data indicate a contrast in isotopic charac-
ter of the middle to lower crust at both the Battle Mountain-
Eureka and Carlin trends; the contrast is more evident at the
Carlin trend than at the Battle Mountain-Eureka trend. 

Tosdal et al. (2000) noted the general correspondence of
the clusters of deposits of the Getchell trend and in the Inde-
pendence Mountains to the Srinitial = 0.706 isopleth, which

suggests a general association with the buried edge of the
Precambrian continental margin. However, they also pointed
out that the general orientations of these deposit clusters op-
pose the strike of the inferred continental margin, indicating
a strong local structural control. 

Gravity Methods: Mapping Density Boundaries
Variations in gravity are caused by lateral variations in rock

density. Gravity anomalies occur over volumes of rock having
densities that contrast with the surrounding rock. Thus, grav-
ity methods are useful for detecting geologic features that in-
volve the juxtaposition of different rock types, such as faults,
anticlines, or folds containing layers of contrasting density.

Gravity field measurements, when processed using stan-
dard methods (commonly assuming an average rock density
of 2.67 g/cm3), result in Bouguer gravity data (e.g., Blakely,
1995). However, Bouguer gravity data for Nevada are domi-
nated by the gravity effects of shallow, late Cenozoic Basin
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and Range features, which are evident by numerous elon-
gated, north-south anomalies that mimic topography (Fig.
4a). These effects are suppressed somewhat by upward
continuation of the data to a level 5 km higher than originally
observed (Fig. 4b). The upward continuation filter enhances
broad anomalies and suppresses local anomalies produced by
sources of limited depth extent. Removing the gravity effects
of geophysical models of the basins prior to upward continu-
ation is more effective at reducing the Basin and Range ef-
fects (Fig. 4c). The modeled gravity effects are from Ponce
(2003), who followed the iterative gravity modeling method of
Jachens and Moring (1990). Regional gradients associated
with the Battle Mountain-Eureka trend and the main part of
the Carlin trend are more apparent in this map. The trends
follow the sides of a southeast-projecting high in the gravity
data that generally corresponds to the area of high-density
crust found by Hildenbrand et al. (2000). The gradient asso-
ciated with the Battle Mountain-Eureka trend is more promi-
nent after additional removal of a regional field related to the
isostatic compensation of topography, as first shown by
Grauch et al. (1995). 

The horizontal gradient magnitude (HGM) of gravity data is
commonly computed to objectively locate density boundaries
associated with gravity gradients (Cordell, 1979), rather than
arbitrarily tracing contour lines. The HGM method, analogous
to taking a first derivative to locate inflection points of a curve,
gives high values where gradients (slopes) in the gravity data
are steep. Nearly vertical density boundaries are associated
with local maxima in the HGM (Cordell, 1979; Blakely and
Simpson, 1986). Thus HGM maps show ridges where there
are significant density contrasts in the crust, which commonly
occur where different types of crust are laterally juxtaposed. 

An HGM map for upward-continued Bouguer gravity with
basin effects removed is shown in Figure 4d and discussed in
more detail in the section on crustal structure. Several caveats
must be kept in mind when one views this map. First, the
HGM method is computed within a small window across the
grid, which forces the results to focus on gradients related to
detailed variations in the data, rather than on the larger, more
regional gradients. This enhancement of detail required addi-
tional upward continuation of the Bouguer gravity with basin
effects removed to 10 km before applying the HGM method
(Fig. 4d) in order to enhance the regional gradients that can
be seen in Figure 4c. Second, density boundaries are poorly
defined by HGM ridges in areas where there is interference
from neighboring (or overlying) sources (Grauch and Cordell,
1987). The shallowest density boundaries produce high HGM
values that overprint the more subtle expression of deeper
boundaries with similar density contrast. Discontinuous local
ridges also can be superposed on more subtle regional gradi-
ents, such as a regional structural zone expressed as en eche-
lon faults near the surface. 

Magnetic Methods: Mapping Magnetic Boundaries 
and Basement Character

Aeromagnetic surveys measure variations in the strength of
the Earth’s magnetic field that are produced by changes in
magnetization of the crust. Magnetization of rocks is deter-
mined by the quantity of magnetic minerals (commonly ti-
tanomagnetites), their ability to be inductively magnetized,

and the strength and direction of remanent magnetization
carried by the magnetic minerals. Igneous and crystalline
metamorphic rocks commonly have moderate to high total
magnetizations, whereas sedimentary rocks can be considered
effectively nonmagnetic when one interprets aeromagnetic sur-
veys at regional scales (Nettleton, 1971), as we do in this study.

Aeromagnetic data for the study area (Fig. 5a) are extracted
from a statewide compilation of many individual surveys
(Hildenbrand and Kucks, 1988). The aeromagnetic map is
dominated by the expression of Phanerozoic igneous rocks
(Mabey et al., 1978; Blakely and Jachens, 1991). The most
prominent feature is the north-northwest alignment of mag-
netic highs in the center of the area that corresponds to the
Northern Nevada rift (Fig. 5a, b). Several workers have dis-
cussed the parallel alignment of magnetic highs to the west
(Blakely, 1988; McKee and Blakely, 1990; Glen and Ponce,
2002; Ponce and Glen, 2002), from 118° W longitude at the
northern state boundary to Winnemucca, then splitting into
two extensions south to about 40° N latitude (E and W in Fig.
5b). Although an analogous rift system is not apparent in
rocks at the surface, the similarity in geophysical signature of
the anomalies parallel to the Northern Nevada rift suggests a
similar genesis (Blakely, 1988). 

Regional features that might reflect differences in the
buried crystalline basement are difficult to see in the aero-
magnetic data (Fig. 5a). To enhance the regional features, the
magnetic potential was computed from the data (Blakely,
1995). This transformation, originally called the pseudograv-
ity transformation by Baranov (1957), computes a vertical in-
tegral of magnetic data, which can be viewed as an averaging
technique that enhances the very broad features of the data.
The broad features to be enhanced can extend more than 500
km, so the transformation must be applied to a larger data set
in order to properly represent the features that span the
edges the study area. In this study, the transformation was ap-
plied to the western part of a recent compilation of aeromag-
netic data for the United States (North American Magnetic
Anomaly Group, 2002), which incorporates the compilation
of Hildenbrand and Kucks (1988) for Nevada. The results ex-
tracted for the study area are shown in Figure 5c.

To enhance regional magnetic boundaries, the HGM was
computed from the magnetic potential data after upward
continuation by 5 km (Fig. 5d) following the method of
Cordell and Grauch (1985). This map objectively locates the
steepest parts of the gradients in the magnetic potential, and
is analogous to the HGM maps computed for gravity data.
The same caveats apply to magnetic boundaries as were dis-
cussed for density boundaries. The boundaries will be dis-
cussed further in a later section on crustal structure.

The most conspicuous features of the magnetic potential
map (Fig. 5c) are the low values (<80 magnetic potential
units—mpu) in the eastern half, which gradually increase in
value from east to west, and the moderate (80–115 mpu) to
high (>115 mpu) values in the northwest and southwest. The
eastern part of the low area (generally east of 116° W) is in-
cluded in the previously recognized “magnetic quiet zone” or
“basement quiet zone” of the eastern Great Basin (Zietz et al.,
1970; Mabey et al., 1978; Blakely, 1988, and references
therein). In this zone, local magnetic features are subdued
and basement magnetic anomalies, which should be present
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FIG. 5.  Aeromagnetic data and related maps, showing deposit locations. a. Aeromagnetic data compiled by Hildenbrand
and Kucks (1988) at 300 m above ground. b. Magnetic features compared to heat flow anomalies from (Sass et al., 1981) and
Curie depths estimated from aeromagnetic data (Blakely, 1988). The Northern Nevada rift (NNR) is expressed in Figure 5a
as the prominent north-northwest–trending alignment of magnetic highs. The Eastern (E) and Western (W) subparallel
anomalies look magnetically similar to the Northern Nevada rift but are not related to exposed rocks. Curie depths less than
10 km suggest that basement rocks are not magnetic; those greater than 20 km suggest that basement rocks are magnetic and
should produce anomalies. c. Magnetic potential data computed as a vertical integral of the aeromagnetic data that enhances
the broadest features of the data corresponding with major crustal features. The units (mpu) are arbitrary. Black, blue, and
light blue lines are the isopleths of Srinitial = 0.706 and 208Pb/204Pb = 38.8 and 39, respectively, from Figure 2. Lack of corre-
lation between lows on this map and the thermal features of Figure 5b, combined with the good correspondence between
the Sr and Pb isopleths and the limits of the region of areas of low values, imply that the low values are primarily produced
by magnetite-poor basement rocks rather than elevated temperatures (see text for explanation). d. Map constructed from
magnetic potential data to display ridges where major magnetic boundaries are inferred in the crust. The magnetic potential
data were continued upward by 5 km before computation of the horizontal-gradient magnitude to highlight regional gradi-
ents. The boundaries may represent faulted margins of Precambrian basement, regional contacts between large intrusions
and sedimentary country rock, or structural relief on the lower crust. 
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if the crystalline basement were magnetic, are largely absent
(Mabey et al., 1978). 

The low magnetic potential values and lack of basement
anomalies imply that the bulk of the crust, including the crys-
talline basement, has low magnetization. The low basement
magnetization has been explained by present-day elevated
temperatures at depth or by a paucity of magnetic minerals in
the rocks (Shuey et al., 1973; Mabey et al., 1978). Elevated
temperatures at depth could heat magnetite above 580°C, its
Curie temperature. Above this temperature, magnetite loses
its magnetization, but it becomes magnetic again once it cools
below the Curie temperature. A present-day, shallow Curie
depth (the depth to the 580°C isotherm) seems plausible, be-
cause elevated temperatures and thin lithosphere are likely in
the Basin and Range province. However, there is poor corre-
lation between the area of low magnetic potential and regions
of high heat flow (cf. Fig. 5b, c). In addition, shallow Curie
depths (<10 km), estimated from the magnetic data, are con-
centrated on the western and northwestern sides of the study
area (Fig. 5b), corresponding more closely with the Battle
Mountain heat flow high and the 118° meridian seismic zone
(Blakely, 1988) than with the lowest magnetic potential values. 

The limits of low magnetic potential show better corre-
spondence with the Srinitial = 0.706 and related Pb isopleths
(Fig. 5c). The magnetic-potential limits are generally fol-
lowed by the light green color band representing values be-
tween 75.0 and 82.5 (Fig. 5c) and corresponding ridges in the
HGM map (Fig. 5d). The correspondence of the magnetic
potential and the isopleths of Sr and Pb ratios is remarkable
considering the regional resolution of the isotopic data, the
possible tectonic displacement of isotopic samples from their
original locations, and the multitude of variations likely pre-
sent in the magnetic and isotopic properties of the crust. The
correspondence implies that the limits of the region of low
magnetic values are better explained by the juxtaposition of
weakly magnetic Precambrian crystalline basement in the
central and eastern provinces against more magnetic base-
ment in the western province than by an abrupt, large differ-
ence in crustal temperature. Moreover, the general increase
in magnetic potential values from northeast to southwest, al-
lowing for interruption by the expression of the Northern
Nevada rift, correlates with the transitions in lower to middle
crustal composition inferred from the isotopic data (Fig. 3).
We conclude that the low basement magnetization is due to
magnetite-poor Precambrian crystalline basement related to
continental and transitional crust rather than to elevated tem-
perature. The low magnetic potential values are an expression
of these basement rocks, and it follows that the moderate to
high magnetic potential values are an expression of the more
magnetic crust in the western province. These conclusions
are significant because the magnetic expression of the Pre-
cambrian crust and its margin have not been recognized pre-
viously in north-central Nevada. 

The moderate magnetic potential values in the west-central
part of the area (Fig. 5c) likely reflect the dominantly oceanic
crust of the western province, which is more magnetic than
the other two provinces. However, the areas of high magnetic
potential values in the northwest and southwest parts of the
study area (Fig. 5c) are also areas that were intruded by ex-
tensive intermediate to mafic Mesozoic or Cenozoic magmas

(Stewart and Carlson, 1977). The dominantly oceanic compo-
sition of the crust in the western province combined with the
widespread igneous intrusions in the upper crust can account
for these regionally high magnetic values. In contrast, areas of
widespread igneous intrusions in the central province, such as
the Northern Nevada rift, still have fairly low magnetic po-
tential values (Fig. 5c).

A noteworthy exception to the correlation between the area
of low magnetic potential and the trace of the isotopic iso-
pleths is northwest of the Getchell trend area (Fig. 1), where
moderately low values of magnetic potential continue approx-
imately 50 km northwest of the Srinitial = 0.706 isopleth (Fig.
5c). It is possible that this is a lateral displacement of, or orig-
inal jog in, the Precambrian crust not resolved in the Sr iso-
tope data. Constraints on the location of the isopleth are poor
north and northeast of the Getchell trend area, where late
Cenozoic basalt covers the Owyhee Plateau (Fig. 2). This area
is discussed further in a following section.

Magnetotelluric Models: Evidence for Crustal Faults
The magnetotelluric method (Vozoff, 1991) measures the

natural, time-varying electric and magnetic fields at the sur-
face of the Earth and yields information on the patterns of
electrical resistivity (the inverse of conductivity) in the sub-
surface. Sources of natural magnetic and electric fields are
lightning and ionospheric electrical currents found across the
globe at a range of frequencies. The range of frequencies pro-
duced by the fields allows the operator to adjust the depths of
investigation from tens of meters to tens of kilometers
through different experiment designs. Laboratory studies
have shown that the factors that affect resistivity in the Earth’s
crust are the composition and temperature of pore fluids,
melts, and the presence of clay minerals, graphite, or certain
metallic minerals (Keller, 1989). Any of these factors can
measurably decrease the resistivity of carbonate and silicate
rocks that constitute most of the crust, and thus they allow
certain inferences about lithology and structure.

Rodriguez and Williams (2001, 2002) collected magnetotel-
luric soundings along a series of profiles crossing the Battle
Mountain-Eureka and Carlin trends (Fig. 6) and constructed
profile models from these soundings assuming a two-dimen-
sional earth. They also distinguished zones of resistivity with
two-dimensional structure (elongated oblique to the profile)
versus those with three-dimensional structure (spatially lim-
ited away from the profile), which were derived by measuring
orthogonal components of the electric and magnetic fields at
each site. Locating two-dimensional structures is significant
because of the widespread three-dimensional character of
magnetotelluric data in the Basin and Range province that re-
flects local complexities (Wannamaker, 1983). 

Rodriguez and Williams (2001, 2002) modeled several nar-
row (about 10 km wide), subvertical, two-dimensional con-
ductors (1–10 ohm-m) that penetrate from 1 to 5 km below
the surface to midcrustal (20 km) depths along the profiles.
The conductors are best explained as crustal-scale fault or
fracture zones (Eberhart-Phillips et al., 1995). The very low
resistivities are likely caused by material associated with fault-
ing or fracture filling, such as argillic or clay alteration, my-
lonitic breccia, graphitic carbon associated with shearing,
brine-filled fractures, or a combination of these. 
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The two-dimensional conductors located along the Battle
Mountain-Eureka trend from just south of Battle Mountain
to the latitude of Eureka can be connected to form a zone ap-
proximately 130 km long and 10 km wide (Fig. 6), providing
important evidence for a crustal fault zone located along the
Battle Mountain-Eureka trend (Grauch et al., 2003). At the
northern end of the Battle Mountain-Eureka trend, from
southwest of Battle Mountain to immediately south of the
Getchell trend, the shorter segments of two-dimensional con-
ductors with multiple orientations (Fig. 6) indicate greater
structural complexity. North-northwest– to west-northwest–
striking, deeply rooted structural zones in the Battle Moun-
tain mining district (Hildenbrand et al., 2001) suggest that the
structural complexity may be even greater in detail. 

Two-dimensional conductors are oriented oblique to the
Carlin mineral trend and its associated isotopic boundary
(Fig. 6) near the main part of the trend and near the Alligator
Ridge deposit (AR in Fig. 6), which some workers consider a
southern extension of the Carlin trend (Nutt et al., 2000). The

oblique orientations of the crustal fault zones suggest a lack of
control by the western edge of the Precambrian continental
crust. The easternmost inferred crustal fault zone within the
Carlin trend near 41° N, 116° W (Fig. 6) roughly corresponds
to the northern part of the Crescent Valley-Independence
lineament recognized from the alignment of geologic and sur-
face features (Peters, 1998). The north-south fault zone near
the Alligator Ridge deposit fits with a regional fault zone in-
dicated by geologic mapping (Nutt et al., 2000). 

Synthesis
Lines drawn along selected ridges from the HGM maps

(Figs. 4d and 5d), which represent the general locations of
density and magnetic boundaries, respectively, are overlain
with the isotopic province boundaries on Figure 7. The grav-
ity and magnetic boundaries delineate abrupt physical-prop-
erty contrasts, whereas the isopleths of Sr and Pb isotope ra-
tios mark transitions in crustal composition that are likely
gradational. The linearity of the geophysical boundaries over
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FIG. 6.  Location of magnetotelluric transects, stations, and interpreted crustal fault zones from Rodriguez and Williams
(2002). Area located on Figure 1. Deposits (gray circles and squares) and ranges (shaded areas) from Figure 1. Magneto-
telluric stations (+) were modeled along profiles (dashed lines). Crustal fault zones (semitransparent, dark gray swaths) are
inferred where two-dimensional, nearly vertical, deeply penetrating electrical conductors were required by the models. The
modeled conductors extend vertically from 1 to 5 km to 18 to 20 km below the surface. Orientations of the crustal fault zones
are from estimates of strikes from the magnetotelluric data at 10 km depth. The conductors along the Battle Mountain-Eu-
reka trend are connected into one crustal fault zone that is 10 km wide and about 130 km long. AR = Alligator Ridge deposit
and SM = northern Shoshone Mountains (discussed in text).
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great extent, the common coincidence of density and magnetic
boundaries, and the magnetotelluric evidence of a crustal fault
zone along part of the Battle Mountain-Eureka trend combine
to suggest that many of the boundaries represent crustal fault
zones. Many of the boundaries are also associated with the
Precambrian rift-related and transform faults inferred from
the isotopic province boundaries (Tosdal et al., 2000), suggest-
ing a Precambrian origin. Alternatively, some of the geophysi-
cal boundaries may have originated from continental margin
modification in middle or late Paleozoic time. 

Boundaries related to mineral trends

The Carlin boundary generally coincides with a regional
contrast in isotopic character that is inferred as the edge of
Precambrian continental crust (Tosdal et al., 2000), a density
boundary, and part of a curvilinear magnetic boundary (CT,
Fig. 7). The density boundary is apparent in Bouguer gravity
data (Fig. 4d), but it is difficult to determine from gravity
maps that have been filtered to remove the effects of sources
below the upper crust (Grauch et al., 1995; Hildenbrand et
al., 2000). This difficulty implies that the density contrast
arises from deep sources, such as the difference in crustal
composition across the continental edge, rather than from a
juxtaposition of dissimilar rock types in the overlying upper
crustal rocks. Magnetotelluric evidence (Fig. 6) suggests that
faults in the upper crust near the Carlin trend are not related
to the continental margin. On the other hand, geologic stud-
ies indicate that the deep continental edge influenced upper
crustal rocks through long-lived fluid migration (Hofstra and

Cline, 2000) and a regional, northwest-trending zone of
crustal weakness aligned with the Carlin trend (Teal and Jack-
son, 1997). 

The curvilinear magnetic boundary may arise from the con-
trast in magnetic properties between sedimentary and igneous
rocks in the upper crust. At the southern part of the Carlin
mineral trend, the magnetic boundary wraps around the south-
ern end of a teardrop-shaped magnetic high attributed to a
Mesozoic-Tertiary intrusive complex (Fig. 5a; Grauch, 1996). 

Unlike the isotopic boundary aligned with the Carlin trend
that extends southeastward to at least longitude 115° W, the
associated density boundary is limited in extent (CT in Fig.
7). In fact, a northeast-trending density boundary (RM in Fig.
7) apparently crosses the isotopic boundary at about 115° 45'
W, 40° 15' N. Its strong expression in the HGM map (Fig. 4d)
may mask the expression of the southeastern extension of the
Carlin boundary. The northeasterly boundary runs along the
northwestern side of the Ruby Mountains and coincides with
the western limit of a large region in eastern Nevada that un-
derwent high-magnitude extension in early Tertiary time
(Seedorff, 1991; Wernicke, 1992). 

The Battle Mountain-Eureka boundary is associated with a
density boundary (BME in Fig. 7), a contrast in isotopic char-
acter (Fig. 3), and a zone of major, nearly vertical electrical
conductors south of Battle Mountain, as indicated by the
magnetotelluric models (Figs. 6 and 7). As noted by John et
al. (2000), unfiltered gravity anomalies show greater corre-
spondence with the Northern Nevada rift than the Battle
Mountain-Eureka trend, especially north of Battle Mountain
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(Fig. 4a). However, this expression is subordinate to the re-
gional gradient evident from gravity data filtered to enhance
the deep sources (Fig. 4c) and from gravity models (Grauch
et al., 2003). The density boundary (BME in Fig. 7), which
corresponds to the regional gravity gradient, follows the Bat-
tle Mountain-Eureka mineral trend more closely than it fol-
lows the Northern Nevada rift, from northwest of Battle
Mountain to Eureka (Fig. 7). South of Eureka, the density
boundary is less evident and diverges from the alignment of
mineral deposits (Fig. 4d). 

Gravity models, constrained by geologic and other geo-
physical information, suggest that the regional contrast in
density across the central part of the Battle Mountain-Eureka
trend arises from the juxtaposition of primarily carbonate
rocks intruded by Mesozoic intermediate-composition rocks
on the northeast against clastic rocks intruded by Tertiary sili-
cic igneous rocks on the southwest (Grauch et al., 2003). The
difference in sedimentary rock type probably originally de-
veloped at the edge of the continental shelf along the Pre-
cambrian rift-related or transform fault, but it was later en-
hanced by intrusion of magma of different density and
sharpened by subsequent faulting. Regional geochemical
anomalies in stream sediment and soil samples also follow the
Battle Mountain-Eureka trend from Battle Mountain to the
latitude of Eureka (Ludington et al., 2000; Mihalasky, 2000),
suggesting that the fault zone associated with the Battle
Mountain-Eureka boundary guided regional-scale circulation
of hydrothermal fluids at some time in the past. Northwest of
Battle Mountain, the gravity data are interpreted as a single
boundary (Fig. 7). However, crustal faults interpreted from
magnetotelluric models (Fig. 6) and district-scale gravity and
magnetic interpretations (Hildenbrand et al., 2001) indicate
that several fault zones with multiple orientations may be pre-
sent in the area.

Massengill (2001) suggested that more than 80 km of right-
lateral displacement has occurred along the Battle Mountain-
Eureka trend during Tertiary time. If so, large-scale strike-
slip faulting should be more apparent at the surface,
analogous to the well recognized transverse faults in the
Walker Lane belt (Stewart, 1988). The faulting should be es-
pecially apparent in the area of Shoshone Mountain (SM in
Fig. 6), where magnetotelluric models indicate that the
crustal fault zone is present 1 to 3 km below upper-plate rocks
of the Roberts Mountains allochthon (Rodriguez and
Williams, 2001, 2002). However, no major northwest-striking
fault is obvious at the surface here, suggesting that major lat-
eral movement on the Battle Mountain-Eureka boundary had
ceased soon after the allochthon was emplaced. 

The magnetic boundary just to the east of the density
boundary associated with the Battle Mountain-Eureka trend
(BME in Fig. 7) is related primarily to the Northern Nevada
rift, which may have been partially controlled by the older
structure (John et al., 2000). The expression of the deep mag-
matic roots of the Northern Nevada rift dominates the mag-
netic signature between the Carlin and Battle Mountain-Eu-
reka boundaries (Fig. 5c). The linearity of the magnetic
boundaries defining the sides of these roots (Figs. 5d and 7)
suggests that these are faults bounding the Northern Nevada
rift at depth. They may also be original Precambrian rift or
transform faults owing to their northwest trends. 

The Independence Mountains and Getchell trend deposits
are located near the Srinitial = 0.706 isopleth, along the north-
east-trending boundary of the inferred Precambrian crust
(NB in Fig. 7). Density and magnetic boundaries of limited
extent occur along the northeastern portion of this boundary,
but not near the deposits themselves. The northeast-trending
magnetic boundary (NB in Fig. 7) marks the northwestern
limit of the area of low magnetic potential, and it locates the
division between dominantly oceanic lower to middle crust
on the northwest and continental and transitional crust on the
southeast, as discussed earlier. 

A structural boundary in west-central Nevada 

The Srinitial = 0.706 and analogous Pb isotope isopleths gen-
erally snake around north-northwest–trending, coincident
magnetic and density boundaries from about 41° N, 118° W
to 39°, 117° W (WCB in Fig. 7). The magnetic boundary is an
expression of a steep increment in the gradual increase of
magnetic potential values from east to west (Fig. 5c). The co-
incidence of the density and magnetic boundaries, their lin-
earity, and their location near the isopleths of Sr and Pb iso-
tope ratios and limit of the area of low magnetic potential
values suggest that this is a structural boundary related to the
margin of the Precambrian crust. The boundary coincides
with the stratigraphically defined continental edge of Elison
et al. (1990) that occurs between mapped Triassic slope and
shelf facies (Fig. 7) from about 41° to 39°30' N latitude. Eli-
son et al. (1990) considered the stratigraphically defined con-
tinental edge to be located at the suture between the Pre-
cambrian crust and the Paleozoic arc (Sonomia) that was
accreted in Late Permian to Early Triassic time. They suggest
that vertical movement occurred along the suture zone as ac-
cretion stresses relaxed, accompanied by basaltic volcanism.
An abrupt eastward thickening of both the upper and lower
crust evident from a model of the PASSCAL seismic refrac-
tion profile corresponds with the Srinitial = 0.706 isopleth
(Catchings, 1992) and the west-central density and magnetic
boundary where the profile crosses the boundary about 10 km
southeast of shot point 5 (Fig. 7). The vertical movement pos-
tulated by Elison et al. (1990) would have resulted in an in-
crease in crustal thickness on the east side, which fits the seis-
mic-refraction model to the south. Alternatively, the increase
in thickness may be related to accommodation of Tertiary ex-
tension (Catchings, 1992), which is more likely expressed in
the Bouguer gravity data by the northeast-trending regional
gradient that extends from the southwest corner of the study
area (NE in Fig. 7) to its north-central edge (Fig. 4b and c).
The northeast gradient is primarily due to deep-seated
masses that presently compensate for the regional differences
in elevation across the Basin and Range province, as indicated
by isostatic regional gravity fields modeled for the region
(Saltus, 1988; Ponce, 1997; Grauch et al., 2003; Fig. 2). The
gradient crosses the isotopic isopleths in the southwestern
part of the study area (NE in Fig. 7) but follows them in the
northeastern part (NB in Fig. 7), suggesting that it is a young
feature that is partially controlled by older structures.

The west-central boundary likely originated as part of the
Precambrian rift system, similar to the fault zones associated
with the Carlin and Battle Mountain-Eureka boundaries. It
may have later controlled the emplacement of magma related
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to the alignments of the magnetic anomalies subparallel to
the Northern Nevada rift (E and W in Fig. 5b), which lie west
of the west-central boundary (cf. WCB in Figs. 5b and 7).
This magma likely intruded during mid-Miocene time and
may be associated with epithermal precious-metal mineral-
ization (Ponce and Glen, 2002). On the other hand, the west-
central boundary is apparently not associated with an align-
ment of Carlin-type deposits (Fig. 7). 

The west-central boundary is interrupted by the west-
northwest–trending boundary that marks the magnetically
defined northeastern limit of the Walker Lane tectonic region
(WL in Fig. 7). The magnetically defined limit of the Walker
Lane parallels but is to the northeast of the geologically de-
fined Walker Lane belt (Blakely, 1988). The high magnetic
values in this region can be explained by pervasive igneous in-
trusions in the dominantly oceanic crust that were emplaced
during construction of Mesozoic magmatic arcs (Stewart,
1980; Blakely, 1988; Hildenbrand et al., 2000). 

The basic crustal structure

A simplified view of the crustal structure of probable Pre-
cambrian to Triassic age is shown in present-day configura-
tion in Figure 8a. Continental, transitional, and dominantly
oceanic (“oceanic”) crust was determined somewhat subjec-
tively from the isotopic and geophysical constraints. The re-
gion of continental crust was determined primarily from the
eastern isotopic province (Fig. 2). The isotopic boundary
along the Carlin trend is the primary guide for the south-
western boundary (CT in Fig. 8a). The northwestern bound-
ary of the continental crust is defined by the near coincidence
of the Srinitial = 0.706 isopleth and density and magnetic
boundaries (NB in Fig. 7). 

The central province (Fig. 2), combined with the area of low
magnetic potential values (Fig. 5c), was used to define the re-
gion of transitional crust; note that the low magnetic potential
values gradually increase westward toward more oceanic crust.
The transitional crust is bounded by the Carlin boundary on
the northeast and the west-central boundary on the west (CT
and WCB in Fig. 8a). The transitional crust is further divided
by the dominance of continental (c > o) versus oceanic (o > c)
components (Fig. 8a), which is inferred from the isotopic
character across the Battle Mountain-Eureka trend (Fig. 3).
An area of high-density upper crust (Fig. 8a) generally corre-
sponds with the transitional crust with greater continental
components. This area was drawn from the promontory in the
gravity map of Figure 4c between the Carlin and Battle Moun-
tain-Eureka boundaries. It has also been generally recognized
in gravity data filtered to isolate density variations in the upper
crust (Hildenbrand et al., 2000). 

The edges of the promontory that compose the northwest-
ern boundary of the transitional crust (bold dashed line in
Fig. 8a) are not well defined. The continental margin here is
inferred to be along the northern limit of low magnetic po-
tential values (Fig. 5c) rather than along the Srinitial = 0.706
isopleth. The low magnetic-potential values suggest the ab-
sence of oceanic crust. In addition, the boundary is not drawn
along the prominent north-trending magnetic boundary ex-
tending north from the west-central boundary (WCB in Fig.
7), because this part of the magnetic boundary is likely related
to a Tertiary feature (Fig. 8d). 

The boundary of the western province (Fig. 2), combined
with moderate to very high magnetic potential values, was
used to determine the regions of dominantly oceanic crust.
This crust likely produces only moderately high magnetic val-
ues. The highest magnetic values probably result from the
combined effects of the dominantly oceanic crust plus the ef-
fects of pervasive igneous intrusions emplaced in the upper
crust during Mesozoic and Tertiary time. 

An anomalous radiogenic area discussed by Tosdal et al.
(2000) is included in the picture of the crustal structure (Fig.
8a). The East Range block has unusually radiogenic Pb and Sr
isotope compositions and is located in the northeastern cor-
ner of the Srinitial = 0.706 isopleth. Tosdal et al. (2000) consid-
ered this radiogenic block to indicate an area of thicker crust
that is out of place with respect to its location near the edge
of the continent. The block suggests that significant lateral
movement of the crust occurred along the continental margin
during or after Precambrian rifting. 

Implications for Tectonic History
Combining tectonic elements of successively younger ages

to the picture of the basic crustal structure helps elucidate the
influence of the older structure on the younger events. Each
illustration of Figure 8 represents the present-day configura-
tion of the tectonic elements of the ages noted. The elements
may have moved from their original positions relative to each
other, but our constraints are not sufficient to attempt a
palinspastic restoration. Because of the tectonic complexity
and many controversies involved in the interpretation of the
tectonic history, the figures are simplified and many major
tectonic elements are not shown. A detailed discussion of the
range of interpretations and problems with the tectonic ele-
ments shown is beyond the scope of this paper.

The basic crustal structure (Fig. 8a) was established as early
as Neoproterozoic time, after Rodinia had rifted apart and a
passive margin was established at the western edge of the
continent. The northwest-striking fault zones (CT, BME, and
WCB in Fig. 8a) were likely part of the Precambrian rift sys-
tem. Alternatively, some of these boundaries may have devel-
oped during the Antler and/or Sonoma orogenies (Fig. 8b) as
sutures or strike-slip accommodation of oblique plate-margin
stresses, as suggested by Jones (1991) and discussed by Craf-
ford and Grauch (2002). The west-central boundary, in par-
ticular, may represent the Triassic suture of Elison et al.
(1990), along which the arc was accreted during the Sonoma
orogeny. The large, clastic Antler foreland basin (Fig. 8b),
which developed east of the eastern limit of the Roberts
Mountains allochthon after the Antler orogeny, crosses the
southern extension of the Carlin boundary. This large pile of
low-density sedimentary rock may be a significant contributor
to the gravity low in the area (Fig. 4c) that obscures the grav-
ity signature of the Carlin boundary.

A transition from less dense limestone- and shale-domi-
nated assemblages in the southwest to denser, dolomite-dom-
inated assemblages on the northeast was generally located
near the Battle Mountain-Eureka trend area throughout Pa-
leozoic time (Matti and McKee, 1977; Stewart, 1980; Poole et
al., 1992). The difference in sedimentary rock types may par-
tially explain the density contrast in the upper crust at the
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Battle Mountain-Eureka trend (Grauch et al., 2003). Rheo-
logic differences resulting from the lithologic contrasts across
the Battle Mountain-Eureka boundary may have controlled
the emplacement of the Roberts Mountains allochthon in
Mississippian time (Figure 8b). The dolomite assemblage
rocks may have acted as a buttress to thrust packages moving
eastward, forcing them to ramp up and create the Antler
highland, which was located east of the Battle Mountain-Eu-
reka boundary (Stewart, 1980; Miller et al., 1992). 

In Jurassic to Early Cretaceous time, intense folding and
thrusting was concentrated in the old Antler foreland basin
and in accreted terrane outboard of the continental crust (Fig.
8c). Large-scale shearing was initiated in the Walter Lane belt
(Stewart, 1988). The Carlin and Battle Mountain-Eureka
boundaries likely influenced Jurassic folds with northwest-
trending axes concentrated in the region between the Carlin
and Battle Mountain-Eureka trends (Fig. 8c; Madrid and
Roberts, 1991) and Mesozoic granitic rocks (not shown) that
were emplaced along the mineral trends (Madrid and Roberts,
1991; Shawe, 1991). 

The tectonic elements of Late Cretaceous to Oligocene age
reflect a change from contractional to extensional regimes.
Blakely and Jachens (1991) suggested that voluminous silicic
magmatism in a curved belt southwest of the Battle Mountain-
Eureka trend (Fig. 8d) gave rise to lower gravity values in this
area (cf. Figs. 4b and 8d). Large-magnitude extension was gen-
erally concentrated within distinct domains (Fig. 8e). In partic-
ular, the area of the old Antler foreland basin includes meta-
morphic core complexes like the Ruby Mountains (Wernicke,
1992). This deformation could have obliterated the physical
signature of older structures and lithologic contacts in the
upper crust, such as the Carlin boundary. During this time, re-
gional hydrothermal fluid flow deposited metals along the min-
eral trends and in other isolated deposits (Maher et al., 1993;
Hofstra et al., 1999). The Carlin and Battle Mountain-Eureka
boundaries may have acted as general pathways by which deep-
origin hydrothermal fluids interacted with meteoric waters in
the upper crust, whereas younger, shallow structures and litho-
logic variations served to focus fluid flow and mineralization at
a local scale (e.g., Shawe, 1991; Hofstra and Cline, 2000). 

In Miocene time, magmatism was concentrated in the
northern part of the area (Fig. 8d), except for the Northern
Nevada rift (John et al., 2000) and inferred mafic intrusions
forming the subparallel magnetic anomalies to the west (Fig.
8f). The magmas of the Northern Nevada rift may have reoc-
cupied fractures and faults related to the Battle Mountain-
Eureka boundary only between Battle Mountain and Eureka,
which would explain the divergence of the rift north of Battle
Mountain (Fig. 8f). Intrusions related to the subparallel mag-
netic anomalies may have used fractures and faults related to
the west-central boundary (WCB in Fig. 8a and 8f).

Selected tectonic elements developed from Miocene time
to present are shown in Figure 8f. Some disruption of the di-
rection or continuity of ranges is evident (but not conspicu-
ous) where the northwest striking structures are located. The
concentration of modern-day seismicity in the Central
Nevada seismic belt falls mostly west of the west-central
boundary within the old accreted terrane (Fig. 8b).

The most remarkable part of the present-day picture is the
continuity of the crustal fault zones. Their early Mesozoic or

older ages are determined by the associated contrasts in iso-
topic character that were in place by Jurassic time. As argued
by Wooden et al. (1998) and Tosdal et al. (2000), the most
likely tectonic event that shaped such crustal features oc-
curred during the Neoproterozoic breakup of Rodinia. Alter-
natively, they may have originated during late Paleozoic or
Triassic continental margin modification. The linear geophys-
ical boundaries that are spatially related to the contrasts in
isotopic character can not be merely a coincidence. We con-
clude that these geophysical signatures represent the final
products of millions of years of reactivation or influence of
the fault zones throughout the Phanerozoic.

Conclusions
We combined information from Sr and Pb isotope data

(Wooden et al., 1998; Tosdal et al., 2000) and models of
recently collected magnetotelluric data (Rodriguez and
Williams, 2001, 2002) to develop a new magnetic and gravity
interpretation of the crustal structure of north-central
Nevada to better understand the origin of mineral trends.
Magnetic expression of the crust and abrupt gradients in
gravity and magnetic data, where boundaries occur in crustal
density and magnetization, are associated with isotopic pat-
terns. Models of magnetotelluric data across one of these
boundaries shows that it is a crustal fault zone. We conclude
that the geophysical boundaries are present-day expressions
of the products of reactivation and/or influence of the older
crustal fault zones through time and that the broad character
of the magnetic data is an expression of the Precambrian crys-
talline crust. 

On the basis of our comparisons of the isotopic and geo-
physical data, we developed a simplified view of the crustal
structure (Fig. 8a). The portrayal is based on the following
conclusions about individual elements.

1. The Carlin mineral trend follows the Carlin boundary, a
crustal discontinuity that is primarily defined by a contrast in
isotopic character of the crust. The contrast in isotopic char-
acter indicates that continental crust is juxtaposed against
crust containing significantly more oceanic material. A den-
sity boundary follows part of the isotopic boundary and prob-
ably arises from a density contrast within the lower to middle
crust. The linear portion of a magnetic boundary associated
with the contact of an intrusive complex adjacent to the Car-
lin boundary suggests that magmatism was controlled by the
location of the crustal fault. The geophysical expression of the
Carlin boundary is terminated by a northeast-trending den-
sity boundary that coincides with the western limit of large-
magnitude Tertiary deformation. Magnetotelluric models in-
dicate that crustal fault zones near the trend are oblique to it,
suggesting these faults were not influenced by the deeper
boundary.

2. The Battle Mountain-Eureka mineral trend follows the
Battle Mountain-Eureka crustal fault zone, which is primarily
defined by a density boundary in the upper crust and a zone
of major, nearly vertical, electrical conductors evident from
magnetotelluric models. It also corresponds to a subtle con-
trast in isotopic character that is more pronounced at the
northern end of the trend. The crust between the Carlin and
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FIG. 8.  Present-day configuration of crustal structure overlain by tectonic elements of successively younger ages. Refer to
the legend for explanation of the patterns and symbols. a. Basic crustal structure derived from the geophysical boundaries,
isotopic patterns, and the magnetic potential map (see text). The structural boundary of the continent is defined from the
geophysical boundaries and the limits of the region of low values in the magnetic potential map; it is dashed where it follows
the magnetic potential map only. The Srinitial = 0.706 isopleth from Figure 2 may represent gradational, poorly resolved, or
displaced variations in the crustal composition in relation to the structural boundary (see text). b. Tectonic elements present
by Triassic time, showing the eastern limits of allochthons (RMA and GA), the Antler foreland basin east of the Roberts
Mountains allochthon, and associated accreted terranes (from Stewart, 1980). Paleozoic rifting events are not represented.
c. Tectonic elements present by Early Cretaceous time, showing belts of folding and thrusting from Cowan and Bruhn (1992)
and Madrid and Roberts (1990), and the magnetically defined Walker Lane belt (Blakely, 1988). Limited intrusive activity
not represented. d. Tertiary magmatism from Stewart and Carlson (1976), showing silicic volcanic rocks of 43 to 17 Ma and
primarily intermediate to mafic volcanic rocks of 17 to 6 Ma. e. Tectonic elements present by Oligocene time, showing re-
gions of large-magnitude extension from Wernicke (1992) and Seedorff (1991) and gold deposits from Figure 1. Extension
in the southeastern part of the map may have obliterated the geophysical signature of the southern Carlin boundary. f. Se-
lected tectonic elements present today. The mid-Miocene Northern Nevada rift (NNR) is defined as in Figure 1. The sub-
parallel magnetic anomalies (Fig. 5b) represent buried intrusions that partially parallel the Battle Mountain-Eureka and
west-central boundaries, respectively. The Central Nevada seismic belt and locations of historic earthquakes with >6 magni-
tude are from Rogers et al. (1991). 
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Battle Mountain-Eureka trends is intermediate in composi-
tion between the continental crust east of the Carlin trend
and the transitional, more oceanic crust west of the Battle
Mountain-Eureka crustal fault zone. Grauch et al. (2003) in-
vestigated the nature of the Battle Mountain-Eureka crustal
fault zone using gravity and magnetotelluric models. They
suggest that the density contrast in the upper crust is due to
differences in both sedimentary lithology and the composi-
tion of igneous intrusions and later fault displacement near

the transition. The magnetotelluric profile models require
deeply penetrating, subvertical conductors along the Battle
Mountain-Eureka trend that are indicative of large-scale fault
zones. A single crustal fault zone about 10 km wide and 130
km long along the Battle Mountain-Eureka trend can be in-
ferred by connecting the locations of the conductors. Near
and northwest of Battle Mountain, the crustal fault zones in-
ferred from the magnetotelluric models have multiple orien-
tations, indicating a greater structural complexity. 
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3. The Independence Mountains and Getchell trend de-
posits are located near the 0.706 isopleth of initial 87Sr/86Sr ra-
tios along the northeast trending, northern boundary of the
inferred Precambrian crust. Density and magnetic bound-
aries follow the isopleth for a limited extent but are not lo-
cated near the deposits. The proximity of the deposit clusters
to the continental margin suggests a genetic relation, but in-
dividual crustal structures that may have controlled their dis-
tribution are not obvious. 

4. A north-northwest–trending structural boundary in west-
central Nevada is spatially associated with the isotopically de-
fined, western continental margin and linear magnetic anom-
alies, similar to the one associated with the Northern Nevada
rift. Its significance as a structure related to the continental
margin has not been previously recognized. The boundary is
identified primarily by coincident magnetic and density
boundaries arising from regional gradients. It coincides with
the stratigraphically defined Triassic continental edge of Eli-
son et al. (1990) on the north and perhaps with an abrupt in-
crease in upper and lower crustal thickness based on seismic
refraction data (Catchings, 1992) on the south. The boundary
is probably a crustal fault zone or suture that bounds the
western edge of the buried continent. Two linear magnetic
anomalies parallel the west-central boundary to the west. The
anomalies may be due to mid-Miocene, magma-filled, large-
scale fractures (Glen and Ponce, 2002) that may be related to
epithermal precious-metal deposits (Ponce and Glen, 2002)
and were probably controlled by the older fault zone. Unlike
the Carlin and Battle Mountain-Eureka boundaries, the west-
central boundary is apparently not associated with an align-
ment of Carlin-type gold deposits.

5. Low values of magnetic potential data (magnetic data fil-
tered to enhance very broad features) correspond well with
the limits of the Precambrian crystalline crust as defined by
Srinitial = 0.706 and indicate that basement rocks have low
magnetization. The low magnetization is most likely due to
magnetite-poor crystalline rocks rather than a shallow Curie
isotherm that causes basement rocks to lose their magnetiza-
tion. Thus, we used the regions of low magnetic potential to
define the limits of the Precambrian crystalline crust. Mag-
netic values gradually increase toward the continental margin,
corresponding with the increase in mafic material predicted
from the isotopic data.

Comparing this view of crustal structure with tectonic ele-
ments of successively younger ages shows that the rift mar-
gins and fault zones developed during Precambrian rifting
and/or later continental margin modification have had a pro-
found influence on many subsequent tectonic events. These
events include sedimentation, deformation, magmatism, ex-
tension, and most important, mineralization. During com-
pressional events, discontinuities at the fault zones may have
acted as buttresses that controlled allochthon emplacement
or folding, or the faults may have reactivated as thrust or
strike-slip faults. During extensional events, the fault zones
guided rifting, magmatism, and fluid flow. The continuity of
the fault zones today implies that they have influenced the
Tertiary breakup of the crust, suggesting that large blocks of
crust have remained fairly intact between regions of defor-
mation. In short, the geophysical signatures of the crustal

fault zones reflect the final products of millions of years of re-
activation and/or influence of the fault zones throughout the
Phanerozoic. 
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